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PRODUCTION METHOD FOR A
MULTILAYER CERAMIC SUBSTRATE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority of the Japanese Patent
Application No. 2004-054271 filed on Feb. 27, 2004.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The 1nvention relates to a multilayer ceramic substrate
constructed of a combination of a plurality of ceramic
materials having electric characteristics and/or physical
characteristics that are different from each other and a 1ts
production method.

2. Description of the Related Art

A multilayer ceramic substrate 1s formed of a plurality of
ceramic layers and conductive lines are formed along the
interfaces between the respective ceramic layers. Usually,
the multilayer ceramic substrate 1s manufactured by lami-
nating green sheets of plural kinds of ceramic materials
having electric characteristics and/or physical characteristics
that are different from each other so as to achieve multiple
functions and high performance and by firing the produced
composite laminated body at the same time. This 1s because
clectronic elements required to have different dielectric
characteristics such as capacitor and inductor are integrally
formed 1n the multilayer ceramic substrate.

In order to produce such a multilayer ceramic substrate,
the following means have been proposed in the related art.

(1) A method of laminating plural kinds of ceramic layers
that contain ceramic materials providing different electric
characteristics from each other, respectively. For example, a
method of laminating plural kinds of ceramic layers that
contain dielectric ceramic materials having different dielec-
tric constants from each other, respectively, and ceramic
layers that contain a magnetic ceramic material (for
example, see Japanese Patent Application Laid-Open (JP-A)
No. 2001-144438 (patent document 1)).

(2) A method of forming spaces in a not-yet-fired lami-
nated body of green sheets, inserting not-yet-fired molded
body blocks 1n the spaces, and then firing the molded body
blocks and the laminated body of green sheets at the same
time (for example, see JP-A No. 61-288498 (patent docu-
ment 2), Japanese Patent No. 3322199 (patent document 3),
JP-A No. 11-163330 (patent document 4), and JP-A No.
11-87918 (patent document 3)).

SUMMARY OF THE INVENTION

However, 1n the technology disclosed 1n patent document
1, dielectrics are arranged 1n layers in the substrate, so that
the degree of flexibility in design 1s low. In addition, each
layer needs to have a suflicient thickness so as to form an
clement suitable for a dielectric constant in the direction of
main surface of each layer, so that the thickness of the whole
multilayer ceramic substrate increases.

Further, in the technologies disclosed in patent documents
2 to 5, the respective parts can be connected to each other
only 1n the direction of thickness of the substrate, so that the
degree of flexibility 1n design 1s low. Also, it 1s dithicult to put
the molded body blocks 1nto the spaces in the laminated
body with high accuracy. Still further, gaps are apt to be
produced between the parts to decrease reliability. In addi-
tion, the laminated body and the molded body blocks are
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different from each other 90 degrees in the direction of
lamination, so that 1t 1s diflicult to adjust the spatial size of
the laminated body and the sizes of the molded body blocks
and unnecessary spaces are required for the adjustment.

—

Therefore, an object of the mvention 1s to provide a
multilayer ceramic substrate characterized in that: (1) dif-
terent dielectrics are electrically connected to each other 1n
the direction of main surface of a sheet, whereby the degree
of flexibility in design 1s increased and the substrate 1s made
compact 1n size; (2) dielectrics are formed 1n required sizes
1n necessary portions as compared with the laminated struc-
ture disclosed 1n patent document 1, whereby limitations of
material physical properties (firing shrinkage, coeflicient of
thermal expansion) of dielectrics to be combined can be
relaxed; and (3) different dielectrics are mserted in desired
portions with high accuracy. In addition, another object of
the mvention 1s to provide a method of manufacturing a
multilayer ceramic substrate having the features described
above.

The inventors earnestly studied a construction of connect-
ing different dielectrics electrically 1n the direction of main
surface of a sheet to increase the degree of flexibility 1n
design. As a result, the mventors found that the above-
described object could be achieved by forming a composite
green sheet of diflerent materials by inserting a green sheet
in the predetermined portion of another green sheet formed
of a material different from the material of the former green
sheet, and by laminating and firing the composite green
sheets of different maternials. That 1s, a multilayer ceramic
substrate according to the mvention 1s formed of a plurality
of laminated ceramic substrates including a composite
ceramic substrate of different materials that 1s made by
iserting the second ceramic substrate 1n a pounched-out
portion made 1n the first ceramic substrate and by planariz-
ing 1ts top and bottom surfaces, and 1s characterized in that
a conductive layer 1s formed 1n a portion across a boundary
between the first ceramic substrate and the second ceramic
substrate of the interface of the composite ceramic substrate
of different materials. Electronic elements such as an induc-
tor element, a capacitor element, an LC composite circuit
clement, and a filter circuit element can be integrally formed
in arbitrary portions of the respective laminated ceramic
substrates and conductive lines for connecting the electronic
clements 1n the direction of main surface of the ceramic
substrate can be arranged without limitation. Hence, this
enhances the degree of flexibility 1n circuit design. Further,
the electronic elements can be easily designed 1n necessary
and suflicient sizes, which makes 1t possible to design a
high-density circuit and hence can make the substrate com-
pact 1n size.

The multilayer ceramic substrate according to the imven-
tion includes a case where the composite ceramic substrates
of different materials are overlaid on each other above and
below 1n the direction of lamination, and the second ceramic
substrates are also overlaid on each other and have an
internal conductive layer interposed therebetween. This
internal conductive layer becomes a circuit pattern and
internal electrodes of elements to be formed 1n the substrate.

The multilayer ceramic substrate according to the mven-
tion includes a case where any one or both of the first
ceramic substrate and the second ceramic substrate has or
have a via hole. The first ceramic substrate 1s a substrate to
be a base and a via hole formed therein can secure conduc-
tion between the laminated substrates and can provide a
three-dimensional circuit. Needless to say, a via hole can be
formed also 1in the second substrate.
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The multilayer ceramic substrate according to the inven-
tion 1ncludes a case where the first ceramic substrate and the
second ceramic substrate are formed of materials of different
dielectric constants. Because the electronic elements such as
capacitor elements and inductor elements are arranged 1n the
same ceramic substrate, the substrate can be made thinner as
compared with a case where ceramic substrates of different
dielectric constants are overlaid on each other in the direc-
tion of lamination to form these electronic elements.

It 1s preferable in the multilayer ceramic substrate accord-
ing to the invention that the ceramic substrate 1s a low
temperature co-fired ceramic (heremnafter referred to as
LTCC substrate). The LTCC substrate can be easily made a
multilayer substrate having electronic circuit elements or
conductive lines formed therein, which can realize the
higher packaging density and compact size of a device.

A method of manufacturing a multilayer ceramic substrate
according to the ivention 1s characterized by including the
steps of: punching out a predetermined portion of the first
green sheet; overlaying the second green sheet on the first
green sheet and bonding them provisionally; nserting the
second green sheet in the punched-out portion of the first
green sheet to form a composite green sheet of different
materials; peeling ofl the second green sheet provisionally
bonded to the surface of the first green sheet; overlaying a
plurality of composite green sheets of different materials and
pressing them to mold a green sheet laminate; and firing the
green sheet laminate. With these steps, electronic elements
such as a capacitor and an inductor can be integrally formed
in arbitrary portions of the respective laminated ceramic
substrates and conductive lines for connecting the electronic
clements 1n the direction of main surface of the ceramic
substrate can be arranged without limitation. Hence, the
method can enhance the degree of flexibility 1n circuit
design, can facilitate designing a circuit of high packaging
density, and hence can manufacture a compact substrate.

It 1s preferable that the method of manufacturing a mul-
tilayer ceramic substrate according to the invention further
includes a step of bonding the composite green sheet of
different materials to a support sheet having no punched hole
alter the step of peeling off the second green sheet provi-
sionally bonded to a surface of the first green sheet. By
bonding the composite green sheet of different materials to
the support sheet having no punched hole, a via hole can
formed 1n the green sheet and a conductive paste can be
printed on the green sheet.

The method of manufacturing a multilayer ceramic sub-
strate according to the invention further includes a step of
forming a via hole 1n any one or both of the first green sheet
and the second green sheet. As for the forming of the via
hole 1n the first green sheet, the via hole may be formed in
the first green sheet of the composite green sheet of diflerent
materials or may be formed in the first green sheet before the
second green sheet 1s 1nserted 1n the first green sheet. As for
the forming of the via hole 1n the second green sheet, the via
hole may be formed in the second green sheet of the
composite green sheet of different materials or may be
formed 1n the second green sheet before the second green
sheet 1s mserted 1n the first green sheet.

It 1s preferable that the method of manufacturing a mul-
tilayer ceramic substrate according to the invention further
includes a step of printing a conductive paste on the com-
posite green sheet of diflerent materials. Here, 1t 1s more
preferable that the conductive paste i1s printed across a
boundary between the first green sheet and the second green
sheet. Because the conductive paste i1s printed after the
second green sheet 1s mserted 1n the predetermined portion
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of the first green sheet, the conductive paste can be also
printed across the boundary between the first green sheet and
the second green sheet, whereby the conductive layer can be
designed with extreme flexibility. By printing the conductive
paste across the boundary between the first green sheet and
the second green sheet, the conductive paste can be electri-
cally connected to the desired electronic elements of the
ceramic substrate.

The method of manufacturing a multilayer ceramic sub-
strate according to the imvention includes a case where,
when the green sheet laminate 1s formed, the punched
portions of the first green sheets are mated with each other
in such a way that the second green sheets have portions
overlapping each other above and below in the direction of
lamination, a conductive paste 1s printed on the surface of
the second green sheet 1nserted 1n the punched portions, and
an internal conductive layer 1s mterposed between the sec-
ond green sheets. With this method, a laminated capacitor
clement can be arranged 1n the multilayer ceramic substrate.

The method of manufacturing a multilayer ceramic sub-
strate according to the invention includes a case where the
first green sheet and the second green sheet are formed of
materials whose dielectric constants are different from each
other after firing. This 1s because a capacitor element and an
inductor element are formed in the same ceramic substrate.

It 1s preferable in the method of manufacturing a multi-
layer ceramic substrate according to the invention that the
first green sheet and the second green sheet are equal to each
other in thickness. It 1s not necessary that the respective
laminated ceramic substrates are equal to each other in
thickness, but when the surface (interface) of each substrate
1s planarized, the occurrence of separation between the
substrates can be further prevented.

It 1s preferable 1n the method of manufacturing a multi-
layer ceramic substrate according to the invention that the
first green sheet and the second green sheet have the same
level of pressing compressibility and the same level of firing
shrinkage. This can prevent the occurrence of separation and
cracks.

In the mvention, the different dielectrics are electrically
connected to each other 1n the direction of main surface of
the sheet, so that the degree of flexibility 1n circuit design
can be increased and the substrate itself can be made
compact 1n size. Further, the dielectrics can be formed 1n
necessary sizes only in necessary portions and the dielectrics
to be combined can be selected comparatively freely without
limitations of finng shrinkage and coeflicient of thermal
expansion. Still further, because the diflerent dielectrics are
inserted 1n predetermined portions with accuracy, the occur-
rence ol separation and cracks can be also prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows schematic illustrations to show a process of
manufacturing a composite green sheet of different materials
used in an embodiment of the invention;

FIG. 2 1s a schematic sectional view showing one mode
of a multilayer ceramic substrate according to the embodi-
ment,

FIG. 3 1s a schematic sectional view showing one example
of a multilayer ceramic substrate formed 1n the embodiment;

FIG. 4 shows the relationship between capacitor capacity
and insulation resistance of Example 1, measured under
conditions that a frequency for capacity measurement 1s 1
kHz and a voltage for IR measurement 1s 10 V; and

FIG. 5 1s shows the relationship between capacitor capac-
ity and 1nsulation resistance of Example 2, measured under
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conditions that a frequency for capacity measurement 1s 1
kHz and a voltage for IR measurement 1s 10 V.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(L]

Embodiments of the invention will be shown below to
describe the invention in detail, but it should not be under-
stood that the invention 1s limited to these embodiments.
Here, the same parts are denoted by the same reference
symbols.

First, a method of manufacturing a multilayer ceramic
substrate according to the embodiment will be described. In
FIG. 1 are shown schematic illustrations to show a process
of manufacturing a composite green sheet made of different
materials used 1n this embodiment.

As shown 1 FIG. 1(1), a first green sheet 1 1s formed on
a support sheet 2 such as PET (polyethylene terephthalate)
sheet. For example, ceramic powder 1s mixed with organic
vehicle to make slurry as a dielectric paste and a film 1s
formed of the slurry on a resin sheet such as a PET
(polyethylene terephthalate) sheet by a doctor blade method
or the like to produce a green sheet. To produce a glass
ceramic substrate, slurry 1s used that 1s made by mixing
ceramic powder and glass powder with organic vehicle. The
organic vehicle 1s such that binder 1s dissolved 1n an organic
solvent and 1s mainly constructed of: a solvent such as
terpineol, butyl carbitol, acetone, toluene, and 1sopropyl
alcohol; a binder such as ethyl cellulose and poly(vinyl
butyral); and a plasticizer such as di-n-butylphthalate. In
addition, deflocculant and humectant may be added thereto.
The contents of the organic vehicle are not limited to specific
values, but may be common contents, for example, 1 to 5 wt
% binder and 10 to 50 wt % solvent.

In addition to the above-described organic paint contain-
ing organic vehicle, water-soluble paint made by dissolving
a water-soluble binder and dispersant in water may be used.
Here, the water-soluble binder 1s not limited to a specific
material but can be selected as appropriate from poly(vinyl
alcohol), cellulose, water-soluble acrylic resin, and emul-
S101.

Materials constructing main ingredients and secondary
ingredients are used as the dielectric raw matenals of the
dielectric paste according to the composition of a dielectric
porcelain composition. In this regard, the forms of raw
materials are not limited to specific ones but oxides con-
structing the main ingredients and the secondary ingredients
and/or compounds that become oxides when they are fired
may be used. The raw materials may be powders produced
by either a liquid-phase synthetic method or a solid-phase
method. Here, compounds that become oxides when they are
fired include, for example, carbonate, nitrate, oxalate, and
organometallic compound. Needless to say, oxide and com-
pound that becomes oxide when it 1s fired may be used in
combination. It 1s recommended that the contents of respec-
tive compounds in the dielectric raw materials be deter-
mined so as to make the composition of the above-described
dielectric porcelain composition aiter they are fired.

In the case of manufacturing a glass ceramic substrate that
1s an LTCC substrate, a glass component and a ceramic
component can be selected as appropriate on the basis of a
target dielectric constant and a firing temperature, and a
substrate made of alumina (crystal phase), produced by
firing at 1000° C. or less, and silicon oxide (glass phase) can
be taken as an example. In addition, as the ceramic compo-
nent can be used magnesia, spine 1, silica, mullite, forsterite,
steatite, cordierite, strontium feldspar, quartz, zinc silicate,
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zircona, and titamia or the like. As the glass component can
be used borosilicate glass, borosilicate bartum glass, boro-
silicate strontium glass, borosilicate zinc glass, borosilicate
potassium glass or the like. Preferably, the content of the
glass component 1s 60 to 80 volume % and the content of
ceramic component that 1s aggregate 1s 40 to 20 volume %.
This 1s because 1t the content of the glass component is
outside the above range, a composite composition 1s hard to
form and 1s decreased 1n strength and sintering property.

The thickness of each first green sheet 1s determined for
usage ol elements and conductive lines made 1n the substrate
by firing and usually ranges from 20 to 245 um. And the
thickness of the sheet after firing becomes 13 to 160 um. For
example, in the case of usage 1 which many inductance
clements need to be made, 1t 1s preferable that the thickness
of the first green sheet 1s thin. To give an actual example, the
thickness of the green sheet 1s 20 to 45 um, and after firing,
the thickness becomes 13 to 30 um. Further, when a con-
ductive lines of high Q value 1s formed or a via hole for
radiating heat 1s formed, it 1s preferable that the thickness of
the first green sheet 15 thick. To give an actual example, the
thickness of the green sheet 1s 60 to 80 um, and aifter firing,
the thickness becomes 39 to 52 um. The number of layers of
the first green sheets 1s not limited to a specific number but
ranges from 4 to 30.

Next, as shown 1n FIG. 1(2), the first green sheet 1 1s
punched out by a puncher 4 1n a state where a predetermined
portion 3 to be punched of the first green sheet 1 attached to
the support sheet 2. The shape of the predetermined portion
3 to be punched 1s determined by the shape of a die 5.

Next, as shown 1n FIG. 1(3), a second green sheet 6 1s
formed on the support sheet 2 such as a PET sheet by the
same method as used for the first green sheet. Here, the
second green sheet 6 1s preferably formed of a material
whose dielectric constant becomes different after firng from
the first green sheet 1. The dielectric constant of the second
green sheet 6 1s selected as appropriate according to the
characteristics of a capacitor element and an inductance
clement that are to be formed. However, it 1s preferable that
the first green sheet 1 and the second green sheet 6 are equal
in thickness to each other so as to form a final tflat composite
green sheet 7 of diflerent materials. Further, the composition
of dielectric paste used for the first green sheet 1 and the
second green sheet 6 are preferably prepared 1n such a way
that the first green sheet 1 and the second green sheet 6 have
press compressibility and firing shrinkage of the same level.
A combination of material compositions to be described
below 1s taken as an example of a combination of compo-
sitions to satisiy these characteristics.

For example, when the composition of the dielectric raw
material of the first green sheet 1s aluminum oxide base
dielectric raw matenial (Al,O5-glass (510,—B,0,—
Al,O,—MgO—Ca0O—Sr0)), the composition of the dielec-
tric raw material of the second green sheet 1s preferably the
tollowing composition. That 1s, aluminum oxide-titan oxide
base dielectric raw material (Al,O,—T10,-glass (S10,—
B,0,—Al,O,—MgO—Ca0O—5r0)), and aluminum oxide-
titan oxide-strontium oxide base dielectric raw material
(510,—A1,0,—La,0,—B,0,—T10,—B1,0,—Nd,0;,—
SrQ)) can be preferably used.

Next, as shown 1n FIG. 1(4), the second green sheet 6 1s
separated from the support sheet 2.

Next, as shown 1n FIG. 1(8), the separated second green
sheet 6 1s placed on the punched first green sheet 1 and 1s
provisionally bonded to 1t, preferably, by pressing. The
conditions of provisional bonding are not limited to specific
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ones but, preferably, pressing pressure 1s 3 to 5 MPa, heating
temperature 1s 35 to 80° C., and pressing time 1s 0.1 to 1.0
second.

Next, as shown 1n FIG. 1(6), the degree of inserting the
puncher 4 into the die 5 1s adjusted and the second green
sheet 6 1s punched out and the punched second green sheet
65 1s 1nserted 1n the punched portion 3 of the first green sheet
1. By alignming the first green sheet 1, the second green sheet
6, the puncher 4, and the die 5 with each other, the punched
second green sheet 65 can be 1nserted 1n the punched portion
3 of the first green sheet 1 with high accuracy.

Next, as shown 1n FIGS. 1(7) and 1(8), the second green
sheet 6a alter punching 1s peeled of 1 from the first green
sheet 1. Further, as shown 1n FIG. 1(9), the support sheet 2
1s peeled off from the composite green sheet 7 made of
different materials. Accordingly, the composite green sheet
7 ol different materials can be produced in which the
punched second green sheet 66 1s inserted 1n the punched
portion 3 of the first green sheet 1.

In the green sheet used in this embodiment, for the
purpose of printing a conductive paste, it 1s preferable that
alter the step of peeling off the second green sheet 6a
provisionally bonded to the surface of the first green sheet 1,
a support sheet 8 having no punching hole 1s bonded to the
green sheet. That 1s, as shown FIG. 1(10), the support sheet
8 such as a new PET sheet having no hole 1s prepared and
1s bonded, preferably by pressing, to the composite green
sheet 7 of different materials. The conditions of bonding by
pressing are not limited to specific ones but preferably,
pressing pressure 1s S to 8 MPa, heating temperature 1s 50 to
100° C., and pressing time 1s 3.0 to 8.0 seconds.

As shown 1n FIG. 1(11), 1t 1s also recommended that a step
of forming via holes 9 1n any one or both of the first green
sheet and the second green sheet of the composite green
sheet 7 of different maternials, bonded to the support sheet 8,
1s performed belfore printing the conductive paste. In this
regard, the forming of the via holes 9 1n the first green sheet
1s performed not only after the composite green sheet 7 of
different materials 1s formed but also, for example, after the
first green sheet 1 1s formed (after FIG. 1(1) or 1(2)). The
forming of the via holes 9 1n the second green sheet 6 1s
performed not only after the composite green sheet 7 of
different materials 1s formed but also, for example, after the
second green sheet 6 1s formed (after FIG. 1(3)).

Next, as shown in FIG. 1(12), the conductive paste 1s
printed on the surface of the composite green sheet 7 of
different materials and in the via holes 9 to form a conduc-
tive layer 11 and via holes 10. Because the conductive paste
1s printed after the composite green sheet 7 of different
materials 1s formed, the conductive paste can be printed on
both of the first green sheet 1 and the second green sheet 65
inserted 1n the first green sheet 1. In addition, the conductive
paste can be printed across the boundary between the first
green sheet 1 and the second green sheet 65. Therefore, a
pattern of circuits and electrodes can be freely printed
irrespective of the positions where the second green sheet 65
1s 1nserted in the composite green sheet 7 of different
materials.

The conductive paste 1s prepared by kneading conductive
material of various kinds of conductive metals and alloy
such as Ag, Ag—Pd alloy, Cu, and N1 with the above-
described organic vehicle. The contents of the organic
vehicle are not limited to specific values but usual contents
can be used: for example, binder 1s 1 to 5 wt % and solvent
1s 10 to 50 wt %. Further, additives selected from wvarious
kinds of dispersants and plasticizers may be contained in the
respective pastes when necessary.
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Thereatfter, the support sheet 8 1s peeled off from the
composite green sheet 7 of different materials (not shown).

By the above process, the composite green sheet of
different materials can be formed. Next, a plurality of
composite green sheets of different materials are laminated
and are pressed on a full-scale basis 1 the direction of
lamination to form a green sheet laminate. The pressure of
full-scale pressing 1s not limited to a specific one but
preferably ranges from 40 to 100 MPa and a heating
temperature ranges irom 35 to 80° C.

Thereatfter, the green sheet laminate 1s subjected to a
binder burn-out processing and a firing processing to pro-
duce a multilayer ceramic substrate 1 after firing, as shown
in FIG. 2. FIG. 2 1s a schematic sectional view showing one
embodiment of a multilayer ceramic substrate according to
this embodiment.

A firing temperature 1s determined according to the mate-
rial of the green sheet and 1s not limited to a specific
temperature but usually ranges from 850 to 1000° C. A firing
atmosphere can be determined as appropriate according to
the kinds of conductive materials in the conductive paste.
When base metal such as Cu, N1, Cu alloy, and N1 alloy 1s
used as the conductive material, the firing atmosphere 1s
preferably made a reducing atmosphere and the partial
pressure ol oxygen of the firing atmosphere i1s preferably
made 107'° to 117> Pa, more preferably 10~7 to 117> Pa. If
the partial pressure of oxygen at the time of firing 1s too low,
the conductive material in an internal electrode tends to
cause abnormal sintering and to break off. If the partial
pressure ol oxygen at the time of firing 1s too high, the
internal electrode tends to be oxidized.

Thereafter, a circuit pattern 38 and terminals 33 are
printed on the surface of the multilayer ceramic substrate
100. Here, the circuit pattern may be printed before the
multilayer ceramic substrate 100 1s fired.

In the multilayer ceramic substrate 100, dielectric layers
31 and other dielectric layers 35 diflerent from the dielectric
layers 31 can be formed at desired positions and in desired
s1zes, and 1s 1t possible to easily form electric connections 39
to the direction of main surface of each ceramic substrate.
Further, conductive through holes 34 can be also formed
with ease 1n a conventional manner.

In this regard, when a laminate type capacitor 1s formed
in the multilayer ceramic substrate, the following process 1s
performed. That 1s, when the green sheet laminate 1s formed,
the punched portions of the first green sheets are aligned
with each other in such away that the second green sheets
have portions overlapping above and below 1n the direction
of lamination. The conductive paste 1s printed on the surface
of the second green sheet 1nserted 1n this punched portions.
With this, an internal conductive layer 1s interposed between
the layers of the second green sheets when the multilayer
ceramic substrate 1s formed, whereby laminate type capaci-
tors can be formed. In this regard, a conductive layer and an
clectrode pattern can be freely printed irrespective of the
positions where the second green sheet 1s mserted in the
composite green sheet 7 of different materials, so that the
internal electrode layers can be electrically connected to
cach other with ease.

The 1nvention 1s not limited to the embodiment described
above but can be variously modified within the scope of the
invention.

For example, the embodiment described above has
described the case where the second green sheet 1s equal 1n
thickness to the first green sheet. However, as shown in FIG.
2, 1t 1s also recommendable to overlay two second green
sheets, the thickness of which 1s made one half of the
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thickness of the first green sheet, and to form an internal
conductive layer 37 between two overlaid second green
sheets.

EXAMPLES

Example 1

A multilayer ceramic substrate having a capacitor element
shown 1n FIG. 3 was formed, and capacitance and IR were
measured. A fired layer 21 of the first green sheet was made
to have a composition (S10,—B,0,—Al,O,—MgO—
CaO—Sr0) whose dielectric constant € was 7.3 alter firing.
A fired layer 22 of the second green sheet was made to have
a composition (S10,—AlL,O,—La,0,—B,0,—BaO—
T10,—B1,0,—Nd,0,—SrO) whose dielectric constant e
was 21.1 after firing. The size after firing of the second green
sheet inserted i1n the first green sheet was made 2.57
mmx2.57 mmx40 um. The size of an iternal electrode was
2.13 mmx2.13 mm. An external electrode 1s denoted by a
reference numeral 23. This was Example 1.

Example 2

Similarly, the fired layer 21 of the first green sheet was
made to have a composition (BaO—Al,O0,—810,—B,0;)
whose dielectric constant € was 5.9 after firing. The fired
layer 22 of the second green sheet was made to have a
composition (BaO—Nd,0,—T10,—B,0,—Ca0O—7/n0)
whose dielectric constant € was 72.3 after firing. The size
alter firing of the second green sheet 22 1nserted in the first
green sheet 21 was made 2.57 mmx2.57 mmx40 um. The
s1ze of the mternal electrode was made 1.71 mmx1.71 mm.
This was Example 2.

The relationship between capacitor capacity and insula-
tion resistance of Example 1, which was measured under
conditions that a frequency for capacity measurement was 1
kHz and a voltage for IR measurement was 10 V, 1s shown
in FIG. 4. The relationship between capacitor capacity and
insulation resistance of Example 2, which was measured
under conditions that a frequency for capacity measurement
was 1 kHz and a voltage for IR measurement was 10 V, 1s

shown 1 FIG. 5. Referrning to FIGS. 4 and 5, 1n the case of

FIG. 4, there 1s provided insulation resistance equal to or
larger than 10" Q, and in the case of FIG. 5, there is
provided insulation resistance equal to or larger than 10° Q.
Theretfore, the multilayer ceramic substrate had character-
istics higher than a predetermined quality level.
What 1s claimed 1s:
1. A production method of a multilayer ceramic substrate,
comprising the steps of:
punching out a predetermined portion of a first green
sheet attached to a support sheet;
overlaying a second green sheet peeled oflf from the
support sheet on the first green sheet attached to the
support sheet and bonding them provisionally;
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inserting the second green sheet in the punched-out por-
tion of the first green sheet attached to the support sheet
to form a composite green sheet of diflerent materials;

peeling off the second green sheet provisionally bonded to
a surface of the first green sheet attached to the support
sheet;

peeling ofl the support sheet from the first green sheet;

overlaying a plurality of composite green sheets of dif-
ferent materials and pressing them to mold a green
sheet laminate; and

firing the green sheet laminate.

2. The production method of a multilayer ceramic sub-
strate according to claim 1, further comprising a step of
bonding the composite green sheet of diflerent materials to
a second support sheet having no punched hole after the step
of peeling off the second green sheet provisionally bonded
to a surface of the first green sheet.

3. The production method of a multilayer ceramic sub-
strate according to claim 1, further comprising a step of
forming a via hole 1n any one or both of the first green sheet
and the second green sheet.

4. The production method of a multilayer ceramic sub-
strate according to claim 1, wherein, when the green sheet
laminate 1s formed, the punched portions of the first green
sheets are mated with each other in such a way that the
second green sheets have portions overlapping each other
above and below 1n a direction of lamination, a conductive
paste 1s printed on a surface of the second green sheets
inserted in the punched portions, and an 1nternal conductive
layer 1s iterposed between the second green sheets.

5. The production method of a multilayer ceramic sub-
strate according to claim 1, wherein the first green sheet and
the second green sheet are formed of materials whose
dielectric constants are different from each other after firing.

6. The production method of a multilayer ceramic sub-
strate according to claim 1, wherein the first green sheet and
the second green sheet are equal 1n thickness to each other.

7. The production method of a multilayer ceramic sub-
strate according to claim 1, wherein the first green sheet and
the second green sheet have the same level of pressing
compressibility and the same level of firing shrinkage.

8. The production method of a multilayer ceramic sub-
strate according to any one of claims 1 to 3, further com-
prising a step ol printing a conductive paste on the com-
posite green sheet of different materials.

9. The production method of a multilayer ceramic sub-
strate according to claim 8, wherein, in the step of printing
a conductive paste on the composite green sheet of different
materials, the conductive paste 1s printed across a boundary
between the first green sheet and the second green sheet.
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